Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/US05/009808 
International filing date: 23 March 2005 (23.03.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 60/556,535 

Filing date: 26 March 2004 (26.03.2004) 

Date of receipt at the International Bureau: 26 September 2005 (26.09.2005) 

Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMP1) - Geneve, Suisse 





m 









UNITED STATES DEPARTMENT O* COMMERCE 
U uitcd State* Patent and Tradema rk Office 



September 16, 2005 



THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE. 



APPLICATION NUMBER: 60/556,535 
FILING DATE: March 26, 2004 

RELATED PCT APPLICATION NUMBER: PCT/US05/09808 




Certified (>y 

Under Secretary of Commerce 
for Intellectual Property 
and Director of the United Stales 
Patent and Trademark Office 




CO 



PTQ/SB/16 (01-04) 
Approved for use through 07/31/2006. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless H displays a valid OMB control number. 

PROVISIONAL APPLICATION FOR PATENT COVER SHEET 

This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c). 

Express Mall Label No. EV 389269770 US I 



INVENTOR(S) 



Given Name (first and middle pf any]) 


Family Name or Surname 


Residence 
(City and either State or Foreign Country) 


Clifford Neal 
Jianfeng 


Prescott 
Zhang 


Houston, TX O 
Houston, TX L$ 

coin 



TITLE OF THE INVENTION (500 characters max) 



SCO 

CM 



Cryogenic Pipeline Configurations and Methods 



Direct all correspondence to: 
| 1 Customer Number: 

OR 



CORRESPONDENCE ADDRESS 



34284 



□ 



Firm or 

Individual Name 



Address 



Address 



City 



State 



Zip 



Country 



Telephone 



Fax 



ENCLOSED APPLICATION PARTS (check all that apply) 



fxl Specification Number of Pages 23- 
I I Drawing(s) Number or" Sneefs 



□ 
□ 



CD(s), Number. 
Other (specify) 



□ Application Data Sheet See 37 CFR 1.76 



METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT 



I I Applicant claims small entity status. See 37 CFR 1 .27. 

□ A check or money order is enclosed to cover the filing fees. 

fx] The Director is hereby authorized to charge filing 

fees or credit any overpayment to Deposit Account Number: 502191 

I I Payment by credit card. Form PTO-2038 is attached. 



FILING FEE 
Amount ($) 




The invention was made by an agency of the United States Government or under a contract with an agency of the 
United States Government. 

[X] No. 

I I Yes, the name of the U.S. Government agency and the Government contract number are: 




Respectfully submi 
SIGNATURE 

typed or Printed name Martin Fessenmaier 

TELEPHONE 714*641-5100 



[Page 1 of 1] 



03/26/04 



Date ' 

REGISTRATION NO. 46697 

(If appropriate) 

Docket Number: 100325.0251 PRO 



USE ONLY FOR RUNG A PROVISIONAL APPLICATION FOR PATENT 

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which Is to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 8 hours to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS, send TO: Mail Stop Provisional Application, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



PTO/SB/17 (10-03) 
Approved for use through 07/31/2008. OMB 0851-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 



FEE TRANSMITTAL 
for FY 2004 

Effective 10/01/2003. Patent fees are subject to annual revision. 


Complete If Known ^ 


Application Number 




Filing Date 


March 26, 2004 j 


First Named Inventor 


Clifford Neal Prescott 


Examiner Name 




J Applicant claims small entity status. S 


ee 37 CFR1.27 


Art Unit 




L TOTAL AMOUNT OF PAYMENT 


($) 160.00 


Attorney Docket No. 


100325.025 1PRO J 



METHOD OF PAYMENT (cnec* all that apply) 



FEE CALCULATION (continued) 



Q Check Q Credit card Q Money Q Other Q None 
[Xl Deposit Account: 



3. ADDITIONAL FEES 

Large Entity ■ Small Entity 



Deposit 
Account 
Number 
Deposit 
Account 
Name 



502191 



Rutan & Tucker 



S Director Is authorized to: (check all that apply) 
Charge fee(s) indicated below [Xj Credit any overpayments 
[Xlcharge any additional fee(s) or any underpayment of fee(s) . 
^Charge fee(s) indicated below, except for the filing fee 
to the above-identified deposit account. . 



Fee Fee 

Code ($) 

1051 130 

1052 50 

1053 130 
1812 2,520 

1804 920' 

1805 1,840' 



FEE CALCULATION 



1. BASIC FILING FEE 

Large Entity Small Entity 
Fee Fee I Fee Fee 
Code (II 



1251 
1252 
1253 



110 
420 
950 



Code [SJ 

1001 770 

1002 340 

1003 530 

1004 770 

1005 160 



2001 385 

2002 170 

2003 265 

2004 385 

2005 80 



Fee Description Fee Paid 

Utility filing fee 
Oesign filing fee 
Plant filing fee 
Reissue filing fee 
Provisional filing fee 

SUBTOTAL (1) |($) 16000 



160.00 



1254 1,480 

1255 2,010 



1401 
1402 
1403 



330 
330 
290 



2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE 

Fee from 

Extra Claim s below Fee Paid 

Total Claims | | .20' 



Independent | | 

Claims i ' 

Multiple Dependent 



Ex tra Claim s 



1451 1,510 

1452 110 

1453 1.330 
1501 1,330 



3** = 




Large Entity 


Small Entity 


Fee Fee 
Code ($) 


Fee Fee 
Code ($) 


1202 18 


2202 9 


1201 86 


2201 43 


1203 290 


2203 145 


1204 86 


2204 43 


1205 18 


2205 9 



Fee Description 

Claims in excess of 20 

Independent claims in excess of 3 

Multiple dependent claim, if not paid 

** Reissue independent claims 
over original patent 

" Reissue claims in excess of 20 
and over original patent 



1502 
1503 
1460 
1807 
1808 
8021 
1809 



480 
640 
130 

50 
160 

40 
770 



1810 770 



1801 
1802 



770 
900 



Fee Description 



Fee Fee 
Code {$) 

2051 65 Surcharge • late fling fee or oath 



Fee Paid 



2052 



25 Surcharge - late provisional filing fee or 
cover sheet 



1053 130 Non-English specification 

1812 2,520 For filing a request for ex parte reexamination 

1804 920* Requesting publication of SIR prior to 
Examiner action 

1605 1,840* Requesting publication of SIR after 
Examiner action 

2251 55 Extension for reply within first month 

2252 210 Extension for reply within second month 

2253 475 Extension for reply within third month 

2254 740 Extension for reply within fourth month 

2255 1 ,005 Extension for reply within fifth month 

2401 165 Notice of Appeal 

2402 165 Filing brief in support of an appeal 

2403 145 Request for oral hearing 

1 451 1 ,51 0 Petition to institute a public use proceeding 

2452 55 Petition to revive - unavoidable 

665 Petition to revive - unintentional 

665 Utility issue fee (or reissue) 

240 Design issue fee 

320 Plant issue fee 

130 Petitions to the Commissioner 

50 Processing fee under 37 CFR 1.1 7(q) 

180 Submission of Information Disclosure Stmt 



2453 
2501 
2502 
2503- 
1460 
1807 
1806 
8021 
2809 

2810 

2801 
1802 



m Q Recording each patent assignment per 
property (times number of properties) 

385 Filing a submission after final rejection 
(37 CFR 1.129(a)) 

385 For each additional invention to be 
examined (37 CFR 1.129(b)) 

385 Request for Continued Examination (RCE) 

900 Request for expedited examination 
of a design application 



SUBTOTAL (2) 

"or number previously paid, if greater. For Reissues, see above 



Other fee (specify) 

'Reduced by Basic Filing Fee Paid 



SUBTOTAL (3) 



($) 



SUBMITTED BY 



(Complete (if. 



Name (PnWTypo) 




I RegittraUon No. I/^qt 
I (Attorney/Agent) |*»OQy / 



Telephone 714-641-5100 

lMarch26.2004 , 



Date 



WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card Information and authorization on PTO-2038. 

This collection of Information is required by 37 CFR 1.17 and 1.27. The information Is required to obtain or retain a benefit by the public which is to file (and by. the 
USPTO to process) an appfication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection js estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office. U.S. Departmenl of Commerce. P.O. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

// you need assistance in completing the form, caB 1-800-PTO-91 99 and select option 2. 



This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Attorney Reference No.: 1 00325.0251 PRO 



CRYOGENIC PIPELINE CONFIGURATIONS AND METHODS 

Field of The Invention 

Configurations and methods for pipelines in which subcooled materials (typically at least 
5 below -200 °F) are transported. 

Background of The Invention 

Current configurations and methods for cryogenic pipelines typically involve the use of 
low pressure or vacuum environments in an insulating space around a product pipeline to achieve 
the desired thermal performance characteristics. While low pressure or vacuum systems often 
10 provide relatively good insulation, operation and maintenance of such systems tends to be energy 
consuming, and frequently becomes problematic where such pipelines are submerged on, or even 
below the sea bed. 

Among other uses, cryogenic pipelines (and especially LNG pipelines) are increasingly 
used in configurations for offshore LNG loading and unloading terminals. However, various 

1 5 difficulties are often encountered, and most typically associated with thermal expansion, 

compression, and/or structural stability. For example, Villatte describes a cryogenic pipeline in 
U.S. Pat. No. 6,145,547 in which the product pipeline is typically manufactured from INVAR™ 
(36% Nickel steel), which has very low expansion and contraction properties. While thermal 
stress in such pipelines is almost completely avoided, various disadvantages nevertheless remain. 

20 For example, INVAR™ steal is relatively expensive, and therefore often cost-prohibitive. 
Moreover, generation and maintenance of the low pressure (e.g. , 1 00 mbar) in the pipeline 
assembly requires considerable energy. 

In other known configurations, as described in U.S. Pat. No. 6,568,431 to Marchal, 
buckle strength is improved by adding fluting to the pipelines. However, addition of flutings 
25 along the length of the pipeline typically increases production cost, and typically complicates 
manufacture, handling, and/or maintenance. 



l 



Attorney Reference No.: 100325.0251 PRO 

Therefore, while various methods and configurations for cryogenic pipelines are known 
in the art, all or almost all of them suffer from several disadvantages. Therefore, there is still a 
need for improved configurations and methods for cryogenic pipelines. 

Detailed Description 

The inventors discovered that pipelines transporting material at sub-ambient temperature, 
and especially cryogenic material can be constructed in a manner such that the pipeline has both 
increased mechanical stability and desirable thermal insulation properties while maintaining a 
mechanically simple structure, which is relatively inexpensive to manufacture and install. 

In one especially preferred aspect of the inventive subject matter, a plurality of bulkheads 
(non-metallic, hybrid, or metallic) and spacers are employed to create an annular space between a 
product pipline and a outer pipeline, wherein the annular space is at least partally filled with a 
microporous or nanoporous insulating material. The bulkheads are preferably configured (and 
coupled to the inner and outer pipeline) such that the bulkheads transfer the contraction induced 
axial compression load on the inner cryogenic product pipeine(s) to the outer jacket pipeline. In 
most embodiments of such pipelines, the pressure in the annular space will be ambient pressure. 
Consequently, it should be appreciated that the so configured pipe(s)-in-pipe system functions as 
a structual column, with thermal insulation maintained in the annular space in an ambient 
pressure environment, thereby eliminating the need for expensive alloys, vacuum 
generation/maintenance, or use of expansion bellows. 

More particularly, in preferred aspects of the inventive subject matter, the bulkheads that 
connect the inner and outer pipelines at the ends of the pipeline balance compression forces with 
rigidity of the outer pipeline. In such configurations, contraction forces transferred to the external 
pipeline, which is thereby compressed. To prevent buckling, spacers (e.g., thermally isolating) 
are placed around the inner product pipeline that maintain a predetermined distance between the 
pipes, while further cryogenic foam (e.g., nanoporous or microporous foam) is placed around the 
remaining surface of the product pipeline. It should be especially appreciated that such pipeline 
configurations advantageously allow use of 9% nickel steel for the product pipeline to reduce 
cost of manufacture. 
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Further mechanical stability may be imparted by placing the pipe-in-pipe assembly in a 
restraining environment. For example, contemplated pipelines may be placed in a trench with 
select back-fill material installed over the pipeline. Therefore, in such configurations, the load on 
the bulkheads and outer pipeline is transferred into the surrounding soil. Similarly, the pipelines 
5 can also be constrained above ground. For example, the pipeline may be placed on a foundation 
of sleepers that contain sliding or gimbaled supports. 

While not limiting to the inventive subject matter, it is generally preferred that two 
bulkheads cooperate to seal the annular space between the bulkheads. In such configurations, it is 
typically preferred that the annular space is kept at ambient pressure. Particuilarly preferred 

10 materials for an LNG product pipeline comprises 9% nickel steel, while the outer pipeline . 
comprises carbon steel. The preferred thermal insulation comprises a high performance nano- 
porous aerogel product in blanket or bead form installed within the annular space. Such aerogels 
may be applied in any form, however, preferred forms include flexible sheets, or spray-coated 
materials. It should be further recognized that installation of pre-fabricated and assembled 

15 pipelines can be done by numerous known manners, and especially include towed method of 
installation. Alternatively, the pipeline may also be installed by a surface barge. Thus, it should 
be appreciated that the invention improves the existing art in three areas: Reduction of pipeline 
cost, increased pipeline reliability, and reduction in maintenance requirements. 

While contemplated cryogenic pipeline configuration and methods are preferably 
20 employed for LNG offloading and offshore LNG terminals, numerous alternative uses are also 
considered suitable herein. For example, contemplated alternative uses include transfer lines for 
floating LNG production, storage, and offloading vessels, liquid hydrogen and oxgen fueling 
lines for aerospace or other applications, and all applications that need to transport cryogenic 
products through pipelines. Still further contemplated uses include LPG transport, or transport of 
25 gases and liquids having a temperature below ambient temperature (e.g. , liquefied carbon 

dioxide, LPG, liquid nitrogen, etc.). Exemplary configurations and additional modifications are 
provided in the following presentation materials, which form part of the diclosure. 
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Thus, specific embodiments and applications of cryogenic pipeline configurations and 
methods have been disclosed. It should be apparent, however, to those skilled in the art that many 
more modifications. besides those already described are possible without departing from the 
inventive concepts herein. The inventive subject matter, therefore, is not to be restricted except in 

5 the spirit of the present disclosure. Moreover, in interpreting the specification, all terms should 
be interpreted in the broadest possible manner consistent with the context. In particular, the terms 
"comprises" and M comprising ,, should be interpreted as referring to elements, components, or 
steps in a non-exclusive manner, indicating that the referenced elements, components, or steps 
may be present, or utilized, or combined with other elements, components, or steps that are not 

10 expressly referenced. 
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